In this paper, we pose the question, can the tracking and analysis of the physical movements of students and teachers within a PracticeBased Learning (PBL) environment reveal information about the learning process that is relevant and informative to Learning Analytics (LA) implementations? Using the example of trials conducted in the design of a LA system, we aim to show how the analysis of physical movement from a macro level can help to enrich our understanding of what is happening in the classroom. The results suggest that Multimodal Learning Analytics (MMLA) could be used to generate valuable information about the human factors of the collaborative learning process and we propose how this information could assist in the provision of relevant supports for small group work. More research is needed to confirm the initial findings with larger sample sizes and refine the data capture and analysis methodology to allow automation.
INTRODUCTION
This paper discusses the exploration of physical movement by both students and teachers while engaged in Collaborative Problem Solving (CPS) during PBL activities. Using data gathered from multimodal sources, we examine the movements of students and teachers that occur within the learning environment, to gain information about the physical nature of collaborative group work. Our research question is how can students' and teachers' movement around the furniture be used to gain a better understanding of students collaborative learning processes? For the purposes of this paper, the movements analysed are at the macro level (i.e. within the classroom space). These movements are tracked via a range of multimodal sensing devices with analysis carried out by a mixture between human and machine coding. The intent of this research is to use an enhanced understanding of the collaborative learning process to inform the development of LA implementations.
BACKGROUND
The work described in this paper has been carried out as part of the Practice-based Experiential Learning Analytics Research and Support (PELARS) project, a three year, EU funded FP7 research and design project that seeks to create a Learning Analytics System (LAS) suitable for implementation in the teaching of PBL activities in three learning contexts, secondary Science, Technology, Engineering and Mathematics (STEM) subjects, third level interaction design and third level engineering education. The project seeks to understand how students learn while engaged in open-ended CPS in PBL activities in these scenarios [1] . The LAS is designed to achieve this through the aggregation and analysis of various multimodal data streams generated by sensing technologies embedded in the learning environment (video, audio, still image capture and data log files) and user generated data (via "sentiment" feedback buttons and a mobile application).
METHODOLOGY
Outlined below are two trials carried out during cycles of iterative prototyping, trials and evaluation established within the PELARS project to test the LAS and associated learning environment "in the wild" and incorporate user feedback into subsequent design iterations.
The hypothesis of the first trial is that students engaged in a PBL task at standing height tables would physically move more than those seated at standard height tables and that these movements would give rise to more interactions with their peers. Six table tops of various shapes were produced with one table top of each shape mounted at 770mm (sitting height) and one at 1,020mm (standing height). Table 1 in the results section shows the trial findings.
The purpose of the second trial (along with testing the LAS) was to record the movement and interactions of students engaged in a PBL task at specially designed standing tables with circular table tops to allow comparison with those of their peers seated at standard height rectangular tables. It further sought to track the movements and interactions of the teachers/facilitators during the activity. Two sample spaghetti diagrams visualising the movements of a student and a facilitator during this trial are shown in the results section. Both of these trials were conducted in a classroom type environment with randomised groups of three and four, mixed gender, secondary school-level students. Table Square The diagrams below were generated from data collected in Trial 2 to show the greatest amount of student movement ( Fig. 1 Student 5) and movements of the main facilitator ( Fig. 2 Facilitator 1) . Each line represents a return movement for the subject involved unless an onward movement is indicated. 
RESULTS

DISCUSSION
Collaboration is a "coordinated, synchronous activity that is the result of a continued attempt to construct and maintain a shared conception of a problem" [3] (p.70). It is a complex learning process that requires certain conditions to be satisfied for its success. These include shared goals, discussions and negotiations for accommodating others' perspectives and organised actions to reach a more desirable state from a problem state [2] . However, the fundamental condition for collaboration is the social interaction of students. Not all social interactions lead to collaboration, but all collaboration is a product of social interaction. Hence, in this paper, we investigated different furniture designs using a MMLA system and established that different furniture designs lead to varied levels of social interaction. Our results show that standing height hexagonal and round tables lead to more movements and social interactions between students compared to sitting height and square tables. Given the small sample size, varying contexts and participant student profiles of the trials, more research is required to confirm results and expand on this current work. However, the outcome of this exploration points towards the importance of the consideration of human factors in the design of learning environments and the LA technology that is implemented within it.
The results confirm our hypothesis that the physical form of a workstation design has a bearing on group formation and dynamics.
In this paper, we show that the design of furniture elements within the learning environment has an effect on the number of movements and interactions between the student groups. Of significance to LA design is that in order to acquire as complete a data set as possible, adequate resources for the PBL activity need to be supplied within the range of the LAS sensors or the sensing technology should have the capability to "follow" the student when away from the appointed workstation. These findings point to meaningful information to help researchers, teachers and learners understand, through the use of MMLA, what is happening in the classroom while engaged in CPS in PBL activities. Further work is required to validate these initial findings with larger sample sizes and to refine the data analysis process through automation.
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